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(54) Swash plate compressor piston shoes 

(57) A single-headed piston type swash plate com- 
pressor, realizing a lighter weight, provided with a hous- 
ing internally defining and fonning cylinder bores, a 
crank chamber, a suction chamber, and a discharge 
chamber; single-headed pistons accommodated In the 
cylinder bores to be able to reciprocate therein; a drive 



shaft driven by an external drive source and supported 
rotatably by the housing; a swash plate supported by 
the drive shaft to be rotated synchronously with the drive 
shaft; and each pair of shoes provided at the front and 
rear of the swash plate for driving the pistons; wherein 
the shoes are mainly comprised of a resin. 
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Description 

BACKGROUND OF THE INVENTION 
1, Field of the Invention 



[0001 ] The present invention relates to a single-head- 
ed piston type swash plate compressor used for a vehi- 
cle air-conditioning system etc. 

2. Description of the Related Art 

[0002] The refrigeration circuit used in a vehicle air- 
conditioning system includes a compressor for com- 
pressing a refrigerant gas. This compressor comes in 
various forms such as variable displacement types and 
fixed displacement types. More specifically, fixed dis- 
placement type compressors Include not only single- 
headed piston type swash plate compressors, but also 
double-headed piston type swash plate compressors. 
Variable displacement type compressors also include 
not only single-headed piston type swash plate com- 
pressors, but also double-headed piston type swash 
plate compressors, 

[0003] Among these compressors, a general single- 
headed piston type swash plate compressor defines 
and forms inside its housing cylinder bores, a crank 
chamber, a compression chamber, a suction chamber, 
and a discharge chamber. Each cylinder bore accom- 
modates a single-headed piston so that it may recipro- 
cate. Further, a drive shaft supported rotatably by the 
housing is driven by an engine or another external drive 
source. The swash plate is supported by the drive shaft 
to be able to synchronously rotate with the drive shaft. 
A pair of shoes is accommodated in a pair of shoe seats 
provided at an engagement portion in the piston, to drive 
the piston and is provided at the front and rear of the 
swash plate. 

[0004] Here, since each piston is a single-headed pis- 
ton having a head at only one of the front and rear of the 
swash plate, the compressor is a single-headed piston 
type swash plate compressor. Further, if the swash plate 
is provided at a certain inclination angle with respect to 
the drive shaft, the compressor is a fixed displacement 
single-headed piston type swash plate compressor. If 
the swash plate is provided to be variable in the inclina- 
tion angle with respect to the drive shaft and the pres- 
sure in the crank chamber can be adjusted by a control 
valve to change the inclination angle and adjust the dis- 
charge capacity, it is a variable displacement single- 
headed piston type swash plate compressor 
[0005] In this single-headed piston type swash plate 
compressor, if the drive shaft is driven by an external 
drive source, the swash plate synchronously rotates, so 
the pistons reciprocate in the cylinder bores. Due to this, 
each cylinder bore fomis a compression chamber with 
the head of the piston, so when the piston is in the suc- 
tion stroke, low pressure refrigerant gas is sucked into 
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the compression chamber from the suction chamber 
connected to an evaporator of the refrigeration circuit. 
When the piston is in the compression stroke, high pres- 
sure refrigerant gas is discharged to the discharge 
5 chamber from the compression chamber This dis- 
charge chamber is connected to a condenser of the re- 
frigeration circuit. The refrigeration circuit is used as a 
vehicle air-conditioning system for air-conditioning a ve- 
hicle. During this time, in the swash plate compressor. 
10 the slidability of the sliding portions between the swash 
plate and the shoes is ensured by a mist of lubricating 
oil contained in the refrigerant gas. 
[0006] In the above single-headed piston type swash 
plate compressors of the related art, however, the shoes 
15 were mainly comprised of a ferrous material, such as 
SUJ2 according to the Japan Industrial Standards (JIS), 
and had the disadvantage that they were heavy. This 
disadvantage was present in both fixed displacement 
swash plate compressors and variable displacement 
20 swash plate compressors. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
25 a lighter single-headed piston type swash plate com- 
pressor 

[0008] According to the present invention, there is 
provided a single-headed piston type swash plate com- 
pressor comprised a housing internally defining and 
30 forming cylinder bores, a crank chamber, a suction 
chamber, and a discharge chamber; a drive shaft driven 
by an external drive source and supported rotatably by 
the housing; a swash plate supported by the drive shaft 
to be rotated synchronously with the drive shaft; a sin- 
35 gle-headed piston accommodated in each of the cylin- 
der bores to be able to reciprocate therein and to define 
acompression chamber therein; and a pair of shoes pro- 
vided at the front and rear of the swash plate so as to 
be accommodated in the piston and to drive the piston; 
wherein the shoes are mainly comprised of a resin. 
[0009] Preferably each shoe is impregnated with a lu- 
bricating oil. 

[0010] Preferably the inclination angle of the swash 
plate is variable with respect to the drive shaft and the 
pressure in the crank chamber can be adjusted by acon- 
trol valve to change the Inclination angle and to adjust 
the amount of discharge capacity. 
[0011] Preferably the swash plate is comprised of a 
swash plate substrate made of a first metal and a coat- 
50 ing fornied on the front and rear surfaces of the swash 
plate substrate for improving the slidability with the first 
metal. 

[0012] Preferably the piston is comprised of a piston 
substrate made of an aluminum-based material and a 
55 coating made of tin plating fornied on the shoe seat of 
the piston substrate, and a semi-spherical convex sur- 
face of the shoe and a semi-spherical concave surface 
of the shoe seat slide against each other 
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[001 3] Preferably, the swash plate is comprised of a 
swash substrate made of a ferrous material and alumi- 
num sprayed layers formed on the front and rear surface 
of the swash plate substrate, and resin coats are formed 
on the aluminum sprayed layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and other objects and features of the 
present invention will be more apparent from the follow- 
ing description, with reference to the accompanying 
drawings, wherein: 

FIG. 1 is a sectional view of a variable displacement 
single-headed piston type swash plate compressor 
according to an embodiment of the present Inven- 
tion; 

FIG. 2 is an enlarged sectional view of the principal 
parts of a variable displacement single-headed pis- 
ton type swash plate compressor according to an 
embodiment of the present invention; 
FIG. 3 is an enlarged sectional view of the principal 
parts of a swash plate, shoes, and a piston accord- 
ing to a general variable displacement single-head- 
ed piston type swash plate compressor; and 
FIG. 4 is a schematic plan view of a swash plate, 
seen from the rear and in the axial direction, accord- 
ing to a general variable displacement single-head- 
ed piston type swash plate compressor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] The single-headed piston type swash plate 
compressor according to the present invention is pro- 
vided with a housing internally defining and forming cyl- 
inder bores, a crank chamber, a compression chamber, 
a suction chamber, and a discharge chamber; single- 
ended pistons accommodated in each cylinder bore and 
able to reciprocate therein; a drive shaft driven by an 
external drive source and rotatably supported by the 
housing; a swash plate supported by the drive shaft to 
be rotated synchronously with the drive shaft; and a pair 
of shoes provided at the front and rear of the swash plate 
for driving the piston; wherein the shoes are mainly com- 
prised of a resin. 

[0016] The single-headed piston type swash plate 
compressor of the present invention is smaller in weight 
since the shoes are mainly comprised of a resin. 
[0017] As the resin, it is possible to use polyamide im- 
ide (PAI), polyimide (PI). polyetheretheri<etone (PEEK), 
a phenol resin (PF), an epoxy resin (EP), polyphenylene 
sulfide (PPS), or another resin having a heat resistance 
of at least 1 30* C. To improve the abrasion resistance or 
to reduce the heat expansion coefficient, it is possible 
to disperse a carbon fiber or glass fiber etc. 
[0018] It is also possible to form shoes by a resin in a 
manner giving continuous pores and impregnate the 



pores with a lubricating oil. By doing this, it is possible 
to ensure the slidability of the sliding portions between 
the swash plate and shoes and between the shoes and 
the shoe seats of the pistons. 
5 [0019] The single-headed piston type swash plate 
compressor of the present invention is particulariy effec- 
tive in the case of a variable displacement type where 
the inclination angle of the swash plate is provided to be 
variable with respect to the drive shaft and the pressure 
10 inside the crank chamber is adjusted by a control valve 
so as to change the inclination angle and adjust the dis- 
charge capacity. That is, since the shoes are mainly 
comprised of a resin, the inertia of the shoes acting In a 
direction increasing the Inclination angle becomes 
15 smaller and the high speed controllability is Improved. 
[0020] The swash plate is preferably comprised of a 
swash plate substrate made of a first metal and coatings 
formed on the front and rear surfaces of the swash plate 
substrate for improving the slidability with the first metal. 
20 By doing this, it is possible to prevent abrasion of the 
coating fomied on the surface of the swash plate sub- 
strate under severe conditions and achieve a superior 
durability whether the single-headed piston type swash 
plate compressor is a fixed capacity type or a variable 
capacity type. 

[0021 ] That is, the swash plate substrate is comprised 
of a first metal. As the first metal, it is possible to use a 
metal having a large specific gravity and a superior 
strength such as a ferrous material (meaning iron or an 
iron alloy containing mostly iron, same below), a copper- 
based material (meaning copper or a copper alloy con- 
taining mostly copper, same below), a nickel-based ma- 
terial (meaning nickel or a nickel alloy containing mostly 
nickel, same below), or a molybdenum-based material 
(meaning molybdenum or a molybdenum alloy contain- 
ing mostly molybdenum, same below). , 
[0022] The front and rear surfaces of the swash plate 
substrate can be formed with the following coatings (1 ) 
to (8), that is, (1 ) a sprayed layer of a metal able to im- 
prove the slidability such as a copper-based material or 
aluminum-based material (meaning aluminum or an alu- 
minum alloy mostly containing aluminum, same below), 
(2) a sintered layer of a metal able to Improve the slid- 
ability such as a copper-based material or aluminum- 
based material, (3) a coating layer comprised of polya- 
mide imide (PAI), polyimide (PI), polyetheretherketone 
(PEEK), or another resin having a heat resistance of at 
least 130°C In which Is dispersed a solid lubricant such 
as molybdenum disulfide (MOS2), graphite, tungsten di- 
sulfide (WS2), boronitride (BN), and polytetrafluoroeth- 
ylene (PTFE), (4) a plating layer of a metal able to im- 
prove the slidability such as tin plating, nickel-phospho- 
rus plating, nickel-boron plating, ntckel-phosphorus-bo- 
ron plating, nickel-phosphorus-borontungsten (Ni-P-B- 
\N) plating, nickel-phosphorus-borontungsten-chrome 
plating, and hard chrome plating, (5) an ion plating layer 
obtained by chemical vapor deposition (CVD) or physi- 
cal vapor deposition (PVD) of a material able to improve 
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the slidability such as titanium nitride (TiN), chrome ni- 
tride (CrN), and titanium-alumlnumnitride (TiAIN); (6) a 
layer comprised of diamond-like carbon (DLC) etc.. (7) 
a ceramic coat, and (8) alumite. When not fomiing a 
coating on the front surface or rearsurface of the swash 
plate substrate, it Is preferable to quench-harden the 
front surface or the rear surface. 
[0023] Further, in a single-headed piston type swash 
plate compressor, as shown In Fig. 3, when the swash 
plate 91 is positioned at the bottom dead center, an in- 
ertia F1 due to the weight of a shoe 92a acts on the 
center of gravity G in the axial direction. Therefore, the 
shoe 92a receives a reaction force F3 correspondirig to 
the resultant force of the inertial force F1 from the center 
of gravity G and a nonnal reaction force F2, which acts 
perpendicularly to a front side edge A and shifts by the 
direction A from the regular position towards the outside 
of the swash plate. Thus, the shoe 92a receives the 
force F3 at the position B that connects to the shoe seat 
placed in the front side of the piston. The inertia F1 dif- 
fers according to the specific gravity of the shoe 92a and 
the rotational speed of the drive shaft, so the normal 
force F2 also differs depending on the specific gravity 
of the shoe 92a and the rotational speed of the drive 
shaft. Therefore, if the shoe 92a is mainly comprised of 
a ferrous metal such as SUJ2 according to JIS having 
a large specific gravity, the mass of the shoe 92a be- 
conries large and the swash plate 91, especially at the 
front edge A. is easily worn. When employing a swash 
plate 91 fonned with a coating for improving the slida- 
bility on the swash plate substrate, the coating is easily 
worn. As opposed to this, if the shoe 92a is mainly com- 
prised by a resin having a small specific gravity, the 
mass of the shoe 92a is small and the swash plate 91 , 
in particular the coating, will not be easily worn. 
[0024] Further, a shoe 92b at the rear side is pressed 
against the swash plate 91 by a load corresponding to 
the rotational angle. At this time, a differential pressure 
based on the difference between the pressure inside the 
compression chamber and the pressure inside the crank 
chamber and an inertia based on the weight of the shoe 
92b itself act on the rear side shoe 92b. The resultant 
force of the differential pressure and the inertia becomes 
the load. The differential pressure does not change due 
to the specific gravity of the shoe 92b. but the inertia 
changes due to the specific gravity of the shoe 92b. so 
the load by which the rear side shoe 92b is press-con- 
tacted against the swash plate 91 changes depending 
on the specific gravity of the shoe 92b. This load chang- 
es according to the rotational angle. As shown in Fig. 4. 
when the load becomes 0 or minus (in the rear direction) 
at the start of the angular range "a" between the top 
dead center T and bottom dead center U, the rear side 
shoe 92b separates from the swash plate 91 . When the 
load becomes a plus one (in the forward direction) at the 
end of the angular range V, the rear side shoe 92b 
strikes the swash plate 91 . Here, the energy E when the 
shoe 92b strikes the swash plate 91 is expressed as fol- 



lows when the mass of the shoe 92b is "m" and the 
speed of the shoe 92b is V: 

E= 1/2mv^ 



[0025] Therefore, a difference arises in the energy E 
depending on the mass of the shoe 92b. 
[0026] Therefore, If the shoe 92b is mainly comprised 
10 of a ferrous metal having a large specific gravity such 
as SUJ2 of the Japanese Industrial Standard (JIS), 
since the mass of the shoe 92b is large, the energy when 
the shoe 92b strikes the swash plate 91 is large and the 
swash plate and, In particular, the coating is easily worn. 
15 As opposed to this. If the shoe 92b is mainly comprised 
by a resin having a small specific gravity, since the mass 
of the shoe 92b is small, the energy received when the 
shoe 92b strikes the swash plate 91 is small and the 
swash plate, in partrcular and, the coating are not easily 
20 worn. 

[0027] Therefore, in this single-headed piston type 
swash plate compressor, it is possible to achieve an 
even more superior durability. 

[0028] Next, a specific embodiment of the present in- 
25 vention will be explained with reference to the drawings. 
[0029] In the variable displacement single-headed 
piston type swash plate compressor of the present em- 
bodiment (hereinafter referred to simply as a "compres- 
sor), as shown in FIG. 1 , a front housing 2 is connected 
30 to the front end of a cylinder block 1 . A crank chamber 
2a is fomied in the cylinder block 1 and the front housing 
2. A rear housing 4 is connected to the rear end of the 
cylinder block 1 through a valve mechanism 3 com- 
prised of suction valves, valve plate, discharge valves, 
35 and retainers. A suction chamber 4a and a discharge 
chamber 4b are fonned in the rear housing 4. The suc- 
tion chamber 4a is connected to a not shown evaporator, 
the evaporator is connected through a not shown ex- 
pansion valve to a not shown condenser, and the con- 
40 denser Is connected to the discharge chamber 4b. 
[0030] A drive shaft 5 is rotatably supported at the 
front housing 2 and the cylinder block 1 through bear- 
ings 2b, lb. A plurality of cylinder bores la parallel with 
the axis of the drive shaft 5 are fomned in the cylinder 
45 block 1 . A single-headed piston 6 is accommodated In 
each cylinder bore la to reciprocate therein. 
[0031] A rotor 7 is fixed to the drive shaft 5 so as to 
be able to rotate in the crank chamber 2a through a bear- 
ing 2c adjacent to the front housing 2. The swash plate 
50 8 Is oscillatingly provided on the rotor 7 through a pair 
of hinge mechanisms K. A through hole 8a is formed in 
the swash plate 8. The drive shaft 5 is inserted through 
the through hole 8a while allowing an oscillating move- 
ment of the swash plate 8. A pair of shoes 9a, 9b are 
55 provided at the front and rear of the swash plate 8. The 
pistons 6 are engaged with the swash plate 8 through 
each pair of shoes 9a, 9b. The pair of shoes 9a, 9b sand- 
wiches the swash plate 8, and the flat surfaces of the 
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shoes 9a, 9b contact the front and rear surfaces of the 
swash plate 8. The spherical surfaces of the shoes 9a. 
9b contact a pair of the spherical shoe seats of the piston 
6 to be accomnnodated therein. 
[0032] Further, the rear housing 4 accommodates a 
control valve 10 connected to the suction chamber 4a, 
the discharge chamber 4b, and the crank chamber 2a. 
By adjusting the pressure in the crank chamber 2a by 
the control valve 1 0, it becomes possible to change the 
Inclination angle of the swash plate 8 and to adjust the 
discharge capacity. 

[0033] In the compressor of the above embodiment, 
as shown in Fig. 2, the swash plate 8 is comprised of a 
swash plate substrate 18a made of a ferrous metal and 
coatings 18b, 18c comprised of an aluminum sprayed 
layer and a resin coat formed on the front and rear sur- 
faces of the swash plate substrate 18a. The structure 
shows a further formation of the latter coating on the 
former coating. Further, each of the front side and rear 
side shoes 9a, 9b is comprised of a resin or an oil-con- 
taining foamed resin. Further, each piston 6 is com- 
prised of a piston substrate 1 6a made of an aluminum- 
based material and a coating 16b made of tin plating 
fomned on the shoe seat of the piston substrate 1 6a. 
[0034] Here, the ferrous material of the swash plate 
substrate 18a Is SUJ2. The "aluminum sprayed layer 
means a sprayed layer using Al-Si alloy as the alumi- 
num-based material. The "resin coat" means a coating 
layer obtained by dispersing M0S2 and graphite In PAI. 
Further, the resin of the shoes 9a, 9b Is a phenol resin. 
The oil-containing foamed resin is an unspecified resin 
containing a foaming agent such as a phenol resin made 
to foam to have continuous pores and impregnated with 
a lubricating oil in the pores. Further the aluminum- 
based material of the piston substrate 16a Is an AI-SI 
alloy, for example, A4032 or ADC 12. 
[0035] The compressor configured in this way has a 
lower weight since the shoes 9a, 9b are mainly com- 
prised of a resin with a specific gravity of about 1 ,6. 
[0036] Further, In this compressor, since the energy 
with which the shoes 9a, 9b strike the swash plate 8 is 
small and the mass of the shoes 9a, 9b is small, the 
coatings 18, 18c on the swash plate substrate 18a will 
not be easily worn. Therefore, in this compressor, a 
more superior durability can be achieved. 
[0037] Further, in this compressor, since the shoes 
9a, 9b are mainly comprised of a resin, the inertia of the 
shoes 9a, 9b acting in a direction increasing the inclina- 
tion angle is small and the high speed control is Im- 
proved. 

[0038] Further, in this compressor where the shoes 
9a, 9b are impregnated with a lubricating oil, the slida- 
bility between the swash plate 8 and shoes 9a, 9b and 
between the shoes 9a, 9b and the shoe seats of the pis- 
tons 6 can be easily secured. 

[0039] While the invention has been described with 
reference to specific embodiment chosen for purpose of 
illustration, it should be apparent that numerous modifi- 
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cations could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 



Claims 

1. A single-headed piston type swash plate compres- 
sor comprising: 

a housing internally defining and fonning cylin- 
der bores, a crank chamber, a suction chamber, 
and a discharge chamber; 
a drive shaft driven by an external drive source 
and supported rotatably by the housing; 
a swash plate supported by the drive shaft to 
be rotated synchronously with the drive shaft; 
a single-headed pistons accommodated in 
each of the cylinder bores to be able to recip- 
rocate therein and to define a compressor 
chamber therein; and 

a pair of shoes provided at the front and rear of 
the swash plate so as to be accommodated in 
the piston and to drive the piston; wherein 
the shoes are mainly comprised of a resin. 

2. A swash plate compressor as set forth in claim 1 , 
wherein at least one of the shoes is impregnated 
with a lubricating oil. 



3. A swash plate compressor as set forth in claim 1 or 
2, wherein the inclination angle of the swash plate 
is variable In the inclination angle with respect to the 
drive shaft and the pressure in the crank chamber 
35 can be adjusted by a control valve to change the 
inclination angle and adjust the amount of dis- 
charge capacity. 
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4. A swash plate compressor as set forth in claim 1 , 
2, or 3, wherein the swash plate is comprised of a 
swash plate substrate made of a first metal and 
coatings formed on the front and rear surfaces of 
the swash plate substrate for improving the slidabll- 
Ity with the first metal. 

5. A swash plate compressor as set forth In claims 1 , 
2, 3 or 4, wherein 

the piston is comprised of a piston substrate 
made of an aluminum-based material and a 
coating made of tin plating fomied on the shoe 
seat of the piston substrate, and 
a semi-spherical convex surface of the shoe 
and a semi-spherical concave surface of the 
shoe seat slide against each other. 

6. A swash plate compressor as set forth in claims 1 , 
2, 3, 4 or 5, wherein 
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the swash plate is comprised of a swash sub- 
strate made of a ferrous material and aluminum 
sprayed layers formed on the front and rear surface 
of the swash plate substrate, and resin coats are 
formed on the aluminum sprayed layers. s 
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